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The	  Fermilab	  Tevatron	  
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The	  Tevatron	  provided	  the	  highest	  energy	  proton-‐anNproton	  
collisions	  in	  the	  world:	  √s	  =	  1.96	  TeV	  
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Tevatron	  Performance	  
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Tevatron	  delivered	  12	  V-‐1	  	  

CDF/D0	  Collected	  >	  10	  V-‐1	  

Winter	  2009	  analyses	  contained	  up	  to	  3	  V-‐1	  
Time	  	  à	  

Da
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	  	  à

	  
An	  enormous	  thanks	  to	  the	  Fermilab	  Accelerator	  Division	  for	  

an	  outstanding	  performance!	  
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The	  CDF	  Experiment	  
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Higgs	  Searches	  “in	  a	  nutshell”	  
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Higgs	  Searches:	  The	  basics	  
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ZH → ννbb 

ZH → llbb 

H → WW → lνlν	


WH → lνbb 

Note:	  These	  are	  the	  most	  sensiNve	  
channels	  but	  all	  non-‐negligible	  producNon	  
and	  decay	  modes	  are	  considered.	  
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Higgs	  ProducNon	  Rates	  
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About	  500	  Higgs	  events	  produced	  in	  the	  main	  search	  
channels	  with	  the	  full	  Tevatron	  dataset	  (10	  V^-‐1)	  
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Low-Mass Channels 
Sensitivity 

 (mH = 120 GeV) 

CDF [SM] 
WH à lν bb 2.0 
VH à MET + bb 2.7  
ZH à ll + bb 2.6 
H à γγ 11  
VH, VBF, ggH à 1/2 jet + ττ 41  
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Combining	  All	  Channels	  

High-Mass Channels 
Sensitivity  

(mH = 165 GeV) 

CDF [SM] 
gg à H à WW à lνlν 0.7 
HàZZà llll 20 
etc. 

etc. 2/18/13	   9	  
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CDF	  CombinaNon	  from	  2009	  
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Final	  CDF	  CombinaNon	  (2013)	  
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  Combined SM Higgs Boson Search p-value 

-‐Observed	  local	  significance	  
at	  mH=125	  GeV/c2	  	  is	  2.0σ	  
	  
-‐Expected	  significance	  at	  
mH=125	  GeV/c2	  is	  1.6σ	  
assuming	  a	  	  signal	  is	  present.	  

-‐2.5σ	  local	  significance	  at	  	  
mH=120	  GeV/c2	  
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We	  see	  some	  excess	  à	  Moving	  onto	  the	  more	  interesNng	  quesNons:	  
	  -‐-‐	  What	  can	  we	  say	  about	  the	  producNon	  rate	  and	  coupling	  strengths	  with	  our	  data?	  



Cross-‐secNon	  Measurements	  
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tt̄H → tt̄+ bb̄ 9.49+6.60
−6.28 × SM H → τ

+
τ
− 0.00+8.44

−0.00 × SM

H → γγ 7.81+4.61
−4.42 × SM VH → V + bb̄ 1.72+0.92

−0.87 × SM

H → W
+
W

− 0.00+1.78
−0.00 × SM Combined 1.54+0.77

−0.73 × SM

SM/Best Fit 
0 1 2 3 4 5 6 7 8 9 10 11

b VbVH

-+ H

-W+ WH

 H
bbt tHtt

2 = 125 GeV/cHm

Combined (68% C.L.) 

Single channel
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Constraining	  Higgs	  Couplings	  
•  Window	  to	  exoNc	  physics	  can	  be	  parameterized	  through	  

coupling	  factors:	  
–  Hff	  coupling	  scaled	  by:	  	  κf	  
–  HWW	  /	  HZZ	  /	  HVV	  scaled	  by:	  	   	  κW	  ,	  κZ	  ,	  κV	  	  (	  λWZ	  =	  κW	  /κZ	  	  )	  
–  Standard	  model	  is	  obtained	  when:	  

κf	  =	  κW	  =	  	  κZ	  =	  1	  .	  

•  Expressions	  for	  Higgs	  boson	  producNon/decay	  processes	  
are	  modified	  based	  on	  producNon	  mechanism	  and	  decay	  
channel	  
–  Can	  get	  complicated	  expressions	  that	  suggest	  sensiNvity	  to	  
channels	  that	  are	  not	  all	  that	  dominant	  in	  the	  SM	  Higgs	  
combinaNon	  

•  Test	  coupling	  factors	  using	  Bayesian	  method:	  
–  Uniform	  priors	  assumed	  for	  κ	  ’s	  
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Constraining	  Higgs	  Couplings	  
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κf	  =	  κZ	  =	  1	  	  

κW	  =	  κZ	  =	  1	  	  

κf	  =	  1	  
κW	  =	  1	  	  

•  Dominant	  peak	  at	  
negaNve	  κf	  and	  κW	  	  
results	  from	  excess	  in	  
H γγ channel.	  

•  All	  results	  consistent	  
with	  standard	  model	  	  

2/18/13	   C.	  Group	  -‐	  LLWI	  2013-‐	  CDF	  Higgs	  Search	  Results	  



Constraining	  Higgs	  Couplings	  

18	  

Marginalized	  over	  κf	  
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Conclusions	  from	  2009	  
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Conclusion	  
We	  have	  come	  a	  long	  way	  since	  2009:	  
•  We	  have	  incorporated	  the	  full	  Tevatron	  

dataset	  into	  most	  of	  the	  major	  search	  
channels.	  

•  There	  is	  a	  broad	  excess	  in	  the	  data	  that	  
is	  inconsistent	  with	  the	  background	  
only	  hypothesis	  at	  about	  the	  2-‐sigma	  
level	  

•  Tevatron	  excesses	  are	  in	  channels	  
complimentary	  to	  	  the	  LHC	  and	  provide	  
supporNng	  evidence	  for	  a	  SM-‐like	  Higgs	  
interpretaNon	  and	  the	  strongest	  
evidence	  to	  date	  for	  h-‐bb	  

•  2012	  was	  the	  year	  of	  the	  Higgs	  boson!	  
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